Neutrophil numbers and function (oxidative burst) were assessed in peripheral blood and oral 28 samples before and after prolonged exercise. Blood neutrophil count increased (~3.5-fold, P 29 < 0.001) and function decreased (30 ± 19% decrease, P = 0.005) post-exercise. Oral 30 neutrophil count (P = 0.392) and function (P = 0.334) were unchanged. Agreement between 31 oral and blood neutrophil function responses to exercise was poor. These findings highlight 32 the importance of studying neutrophils within various compartments/sample types. 33 34
Introduction 38
It is well established that prolonged exercise causes a transient increase in the number of 39 circulating neutrophils (neutrophilia) but their functional capacity (e.g. oxidative burst upon 40 stimulation) is generally decreased when exercise is prolonged (> 90 min), continuous and at 41 intensities of approximately 55% VO 2 max or higher (Gleeson 2007) . However, there is little 42 research on neutrophil responses to exercise using samples other than peripheral blood. The 43 majority of studies have not obtained neutrophils from a site local to the upper respiratory 44 tract (URT, e.g. Davison et al. 2012; Robson et al. 1999) , which may be more appropriate 45 when concerned with URT defences. In one previous study (Müns 1994) neutrophils were 46 obtained from nasal lavage following a 20 km run. Müns (1994) observed a significant 47 increase in the number of neutrophils immediately after the race, which remained elevated 1 48 day post-race and had returned to normal by day 3. The phagocytic activity (per neutrophil) 49 was significantly decreased immediately after the race and did not recover within 3 days.
50
This was suggested to indicate impaired immune defences within the URT (Müns 1994).
51
However, phagocytic capacity is considered a low-value marker and functional markers such 52 as stimulated oxidative burst (OB) may be more valuable (Albers et al. 2005 (Albers et al. , 2013 . It is 53 disappointing, therefore, that no further exercise studies have been carried out in which other 54 mucosal neutrophil functions are assessed. Such studies are widespread in dentistry research Helsinki and all procedures were approved by the University Research Ethics Committee.
71
Written informed consent was obtained from all subjects. Subjects also completed a pre-72 exercise screening questionnaire before each test.
74
Subjects:
75
Nine healthy recreationally active men completed the study, although data from 2 were not 76 included in the analysis due to oral (salivary) blood contamination. Demographic information 77 for the remaining 7 were age 23 ± 7 years, stature 179 ± 7 cm, body mass 75.7 ± 4.4 kg, 78 maximal oxygen uptake, ܸ ሶ O 2 max, 56.9 ± 8.4 mL . min -1 . kg -1 ; means ± standard deviation. Subjects were all non-smokers and were required to abstain from alcohol and strenuous 93 activity for 48 h prior to trials. They were instructed to consume 500 mL of water 2 h pre-94 exercise before arrival at the laboratory between 08:00 and 09:30, after an overnight fast of at 95 least 10 h. Subjects were required to thoroughly rinse their mouth with plain water and then 96 sit restfully for at least 10 min before collection of resting blood, saliva and oral rinse 97 samples. Participants were then asked to consume 300 ml of a vanilla-flavoured milk-based 98 beverage (~450 kJ, ~15 g protein, 12 g carbohydrate: lactose, and 0.2 g fat) and rest for 1 h 99 before beginning the prolonged exercise bout. A further 50 ml of the milk-based beverage 100 was consumed immediately prior to the exercise bout, and at 1.25 h. They were also given 2 101 mL . kg -1 body mass of an artificially flavoured beverage (4 parts water to 1 part 'apple and 102 blackcurrant'-flavoured cordial) providing 48 kJ energy, 1.2 g carbohydrate and 0.4 g sodium 103 per L of solution, every 15 min during exercise to limit dehydration. After completion of the 104 trial, subjects were again rinsed their mouth with plain water 10 min before the saliva sample 105 and oral rinse procedures were repeated. The post-exercise blood sample was obtained during 106 this 10 min rest period.
Salivary analysis: All samples were thawed only once prior to analysis, centrifuged at 16000 138 × g for 2 min to pellet debris, precipitate mucins and obtain a clear supernatant. Saliva 139 samples were screened for blood contamination using a commercially available ELISA kit 140 (Salimetrics, USA). If saliva contamination was detected, contamination of the subsequent 141 oral rinse sample was also assumed and data for that subject were excluded (n = 2). 
Results

153
Physiological responses to exercise (average for 2.5 h trial) were: heart rate 139 ± 13 bpm, 154 RPE 13 ± 1, ܸ ሶ O 2 2.4 ± 0.2 L . min -1 (55 ± 5% ܸ ሶ O 2 max).
156
Blood neutrophil count increased ~3.5-fold (2.9 ± 0.8 to 10.2 ± 3.1 × 10 9 cells . L -1 ), pre-to in the relative post-exercise changes between the two sample types (oral and blood) and our 188 findings do suggest they differ. These findings highlight the importance of studying immune 189 cells from locations or compartments other than peripheral blood in relation to immune 190 defences in athletes. athletes. This is speculation at present, and this notion remains to be tested; we note that the 228 primary aim of the present study was to compare exercise-induced changes in the functional 229 capacity of neutrophils from blood with those from the oral cavity. We have identified a 230 difference in neutrophil responses within these two sample types so further studies are needed 231 to determine the relevance of the latter to URTI risk in athletes. This will require larger 232 studies in which clinically relevant outcome markers (e.g. validated URTI assessment) are 233 measured concurrent with oral neutrophil functions. Such studies will be particularly robust, In summary, we have demonstrated that the exercise-induced 'immunodepression' typically 237 observed in blood neutrophil stimulated-OB following prolonged (> 90 min) exercise is not 238 mirrored in oral neutrophils. This highlights the importance of studying immune cells from 239 other body compartments but further research is required to determine the importance of oral 240 neutrophil functions to host defence in athletes.
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